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METHOD AND APPARATUS FOR
PROCESSING PACKET IN MULTI-CHANNEL
WIRELESS NETWORK

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0091108 filed in the
Korean Intellectual Property Office on Jul. 31, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

(a) Field of the Invention

The present invention relates to a method and apparatus for
processing a packet in a multi-channel wireless network.

(b) Description of the Related Art

In general, a packet that is forwarded through an existing
wireless network is communicated through a predetermined
channel, and in most cases, a packet is transmitted/received
using only one channel or a packet is independently analyzed
in each channel.

However, there is now a case of allocating and using a
plurality of physical channels to one logical channel like a
channel jump media access method. In this case, because a
channel is allocated based on time division characteristics, a
relative time difference between channels is important. How-
ever, when an existing apparatus simultaneously transmits/
receives a packet using at least one channel, it is difficult to
adjust a corresponding time reference on a channel basis.
Further, when analyzing a packet, a relative time difference of
each packet cannot be analyzed or only time difference analy-
sis of limited accuracy is available.

SUMMARY OF THE INVENTION

The present invention has been made in an effort to provide
amethod and apparatus for processing a packet having advan-
tages of transmitting and receiving the packet that is synchro-
nized with each channel in a wireless communication system
that transmits/receives the packet through at least two multi-
channels.

An exemplary embodiment of the present invention pro-
vides a packet processing apparatus in a multi-channel wire-
less network including: a plurality of transceivers that each
receive or transmit a packet on each channel basis; a reference
clock management unit that provides reference time informa-
tion that is commonly applied to all multi-channels and that
measures a packet receiving time based on the reference time
information, when a packet is received by one transceiver;
and a controller that acquires a packet receiving time on each
channel basis that is measured based on the reference time
information from the reference clock management unit.

The reference clock management unit may be connected to
the plurality of transceivers, measure a packet receiving time
at which a corresponding transceiver receives a packet based
on the reference time information according to an interrup-
tion signal that is provided from one transceiver, and notify
the controller that the transceiver has received a packet. The
controller may acquire the packet receiving time and channel
information of a transceiver having received a packet from the
reference clock management unit according to notification of
the reference clock management unit, and may receive a
packet from a corresponding transceiver based on the channel
information.
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The transceiver may generate the interruption signal at a
time point at which a preamble of the received packet is
terminated, and may provide the interruption signal to the
reference clock management unit.

Another embodiment of the present invention provides a
packet processing apparatus in a multi-channel wireless net-
work, the packet processing apparatus including: a plurality
of transceivers that each receive or transmit a packet on each
channel basis; a plurality of clock synchronization units that
simultaneously generate and output a synchronization signal
for the plurality of transceivers and that enable the plurality of
transceivers to acquire reference time information; and a con-
troller that acquires a measured packet receiving time and a
received packet based on the reference time information that
is acquired based on the synchronization signal from the
plurality of transceivers.

The clock synchronization units may output the synchro-
nization signal to a corresponding transceiver by operating
according to broadcast writing that is provided to the control-
ler.

The plurality of transceivers may include a clock generator,
and the plurality of transceivers record time information
based on a clock signal that is simultaneously output from a
clock generator according to a synchronization signal, and the
time information may be used as reference time information.

The transceivers may measure a packet receiving time at
which a packet is received based on the recorded time infor-
mation, and may provide the packet receiving time to the
controller.

The clock synchronization unit may include a first operator
that activates the synchronization signal and that outputs the
synchronization signal to a corresponding transceiver, when
one of the broadcast writing and a chip selection signal is
activated.

Yet another embodiment of the present invention provides
a method of processing a packet in a multi-channel wireless
network, the method including: acquiring reference time
information that is commonly applied to all multi-channels;
acquiring packet receiving time information of a packet that is
received on each channel basis based on the reference time
information; and acquiring and analyzing a relative time dif-
ference between the received packets on each channel basis
based on a packet receiving time of the received packet.

The acquiring of reference time information may include
acquiring reference time information from a reference clock
management unit that is connected to all channels, and
wherein the acquiring of packet receiving time information
may include measuring a packet receiving time of a corre-
sponding channel based on reference time information that is
provided from the reference clock management unit.

The acquiring of packet receiving time information may
include generating an interruption signal, when a packet is
received through a physical layer in each channel, and mea-
suring a packet receiving time on a channel basis based on
reference time information that is commonly applied on an all
channel basis that is provided from the reference clock man-
agement unit according to the interruption signal. The inter-
ruption signal may occur at a time point at which a preamble
of the received packet is terminated.

The acquiring of reference time information may include
enabling each transceiver to record time information at the
same position by simultaneously operating transceivers cor-
responding to each channel and using the recorded time infor-
mation as commonly recorded reference time information.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a structure of a packet
processing apparatus in a multi-channel wireless network
according to a first exemplary embodiment of the present
invention.

FIG. 2 is a flowchart illustrating a method of processing a
packet according to a first exemplary embodiment of the
present invention.

FIG. 3 is a diagram illustrating a structure of a packet
processing apparatus in a multi-channel wireless network
according to a second exemplary embodiment of the present
invention.

FIG. 4 is a diagram illustrating a structure of a clock syn-
chronization unit for clock synchronization generation in a
packet processing apparatus according to a second exemplary
embodiment of the present invention.

FIG. 5 is a flowchart illustrating a method of processing a
packet according to a second exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

In the following detailed description, only certain exem-
plary embodiments of the present invention have been shown
and described, simply by way of illustration. As those skilled
in the art would realize, the described embodiments may be
modified in various different ways, all without departing from
the spirit or scope of the present invention.

Accordingly, the drawings and description are to be
regarded as illustrative in nature and not restrictive. Like
reference numerals designate like elements throughout the
specification.

In addition, in the entire specification and claims, unless
explicitly described to the contrary, the word “comprise” and
variations such as “comprises” or “comprising” will be
understood to imply the inclusion of stated elements but not
the exclusion of any other elements.

Hereinafter, a method and apparatus for processing a
packet in a multi-channel wireless network according to an
exemplary embodiment of the present invention will be
described.

FIG. 1 is a diagram illustrating a structure of a packet
processing apparatus in a multi-channel wireless network
according to a first exemplary embodiment of the present
invention.

A packet processing apparatus 100 according to a first
exemplary embodiment of the present invention includes a
plurality of transceivers 110 for transmitting/receiving a
packet that is transmitted/received on a plurality of channel
bases, a reference clock management unit 120, and a control-
ler 130.

The packet processing apparatus 100 that is formed in such
a structure is positioned within a region in which at least one
wireless network service is provided, and receives and ana-
lyzes a packet within a receiving range.

The transceiver 110 receives and transmits a packet
through a corresponding channel.

The reference clock management unit 120 measures a time
at which an external input signal arrives. The reference clock
management unit 120 acquires channel information of a
transceiver in which an external input signal is received. For
this purpose, the reference clock management unit 120
includes a clock generator 121, which is a clock. The clock
generator 121 may be controlled by an external input so that
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the clock generator 121 itself may operate or may synchro-
nize with another clock generator.

The reference clock management unit 120 records a time at
which a packet is received using the clock generator 121, and
notifies the controller 130 that a packet has been received.
Specifically, when the transceiver 110 receives a packet, an
interruption signal notifying that a packet has arrived in a
physical layer in a specific condition occurs. When an inter-
ruption signal occurs, the reference clock management unit
120 records a time at which the packet is received and notifies
the controller 130 that the packet has been received.

When the packet is received, the controller 130 determines
channel information (e.g., a transceiver identification num-
ber) with which the packet has been received through the
reference clock management unit 120 and packet receiving
time information, and reads a packet that is received by the
transceiver 110 corresponding to the received channel infor-
mation. At least one controller 130 may exist.

In an exemplary embodiment of the present invention, by
applying a clock of the same measure to all transceivers 110
through the reference clock management unit 120, time infor-
mation of a packet that is received in the physical layer may be
used. Therefore, relatively precise receiving time information
may be provided.

The transceiver 110 generates an interruption signal noti-
fying that a packet has arrived, and generates an interruption
signal of a received packet regardless of a length of the
received packet. For example, in order to transmit a packet
using wireless communication, a constant preamble size is
used and thus an arrival time point of a packet may be deter-
mined using a time point at which a preamble of a received
packet is terminated. That is, at a time point at which a
preamble of the received packet is terminated, the transceiver
110 may generate an interruption signal.

FIG. 2 is a flowchart illustrating a method of processing a
packet according to a first exemplary embodiment of the
present invention.

As shown in FIG. 2, when a packet is transmitted/received
through a plurality of multi-channels, reference time infor-
mation that is commonly applied to all multi-channels is
acquired, and by applying such reference time information to
each channel, a packet receiving time is measured.

Specifically, when a packet is received through a random
channel (S100), while an interrupt signal occurs, a packet
receiving time is acquired based on a reference time that is
commonly applied to all channels (S110). That is, a packet
receiving time is measured by the reference clock manage-
ment unit 120 that provides a reference time (S120). Channel
information in which the packet is received is acquired.

Thereafter, the controller 130 determines that a packet has
been received according to notification from the reference
clock management unit 120, and acquires a packet through a
transceiver of a corresponding channel according to channel
information and a packet receiving time that is provided from
the reference clock management unit 120 (S130).

Through such a process, the controller 130 analyzes packet
receiving times that are measured based on a reference time
that is provided to all channels by the reference clock man-
agement unit 120, and analyzes a relative receiving time of a
packet that is received on each channel basis (S140). That is,
with reference to packets of each channel, the controller 130
may accurately know a relative receiving time difference
between packets.

In the above method of processing a packet, the controller
130 acquires a packet receiving time through the above pro-
cess in arandom channel, and when the packet is acquired, the
controller 130 determines a corresponding channel as a ref-
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erence receiving channel and diffuses and applies time infor-
mation (packet receiving time) of a determined reference
receiving channel to another channel. For example, when the
first channel is determined to be a reference receiving chan-
nel, packet processing of another channel may be performed
based on a packet receiving time of the first channel.

By maintaining a clock of a transceiver on a channel basis
as one reference through such a packet processing apparatus
and method, a relative time diftference of packets using at least
one physical channel can be accurately determined and rela-
tive time difference analysis is available.

Hereinafter, an apparatus and method for processing a
packet according to another exemplary embodiment of the
present invention will be described.

FIG. 3 is a diagram illustrating a structure of a packet
processing apparatus in a multi-channel wireless network
according to a second exemplary embodiment of the present
invention.

As shown in FIG. 3, a packet processing apparatus 100'
according to a second exemplary embodiment of the present
invention includes a plurality of transceivers 110" for trans-
mitting/receiving a packet that is transmitted/received on a
plurality of channels bases and a controller 130. Here, for
convenience of description, the same reference numerals are
given to constituent elements that perform the same functions
as in the first exemplary embodiment. The packet processing
apparatus 100’ that is formed in such a structure is positioned
within a region in which at least one wireless network service
is provided, and receives and analyzes a packet within a
receiving range.

In the second exemplary embodiment of the present inven-
tion, the transceiver 110' records a time at which a packet is
received, determines received channel information, and noti-
fies the controller 130 of the received channel information,
and the controller 130 reads the packet that is received from
the transceiver 110'.

The transceiver 110" includes a clock generator, and when
apacket is received from a physical layer, the transceiver 110
records a packet receiving time and notifies the controller 130
that the packet has been received. Here, the clock generator
may be controlled by an external input so that the clock
generator itself may operate or synchronize with another
clock generator. The transceiver 110" may generate a signal
notifying reception of a packet, for example, at a time point at
which a preamble of a packet is terminated, similar to the first
exemplary embodiment.

The controller 130 determines time information at which a
packet is received from a corresponding transceiver accord-
ing to notification from the transceiver 110" and reads the
determined packet.

According to the second exemplary embodiment of the
present invention, each transceiver uses an independent clock
generator, and in this case, a time of all transceivers may not
correspond according to an error of a clock generator that is
used in each transceiver. In an exemplary embodiment of the
present invention, in order to provide a clock generator satis-
fying an error within an allowed range to all transceivers in
consideration of this, a clock generating synchronization pro-
cess is performed. For this purpose, a packet processing appa-
ratus according to a second exemplary embodiment of the
present invention may further include a clock synchroniza-
tion unit.

FIG. 4 is a diagram illustrating a structure of a clock syn-
chronization unit for generating clock synchronization in a
packet processing apparatus according to the second exem-
plary embodiment of the present invention.
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In a packet processing apparatus according to the second
exemplary embodiment of the present invention, the clock
generator of all transceivers 110" maintain an error within an
allowed range.

When using only an absolute time instead of using an
external source, the controller 130 generates time informa-
tion, and all transceivers may be synchronized with such time
information. When using an external synchronization source,
after synchronizing the controller 130 with time information
of a random transceiver that is synchronized with the syn-
chronization source, all transceivers may be synchronized
with the controller 130, similar to a case of not using an
external synchronization source.

Inthis way, in order to synchronize time information of the
controller 130 and at least one transceiver, each transceiver
should perform a synchronization procedure with the control-
ler 130. However, when each transceiver performs a synchro-
nization procedure with the controller 130, a processing pro-
cess becomes complicated, and each transceiver is
synchronized with the controller 130 at different time points
and thus an error may occur.

Therefore, in an exemplary embodiment of the present
invention, in order to correspond time information of all
transceivers at the same moment, all transceivers perform an
operation of simultaneously writing time information in at
least one control memory area and thus remove an error
occurrence cause between transceivers due to a difference of
a synchronization time point.

Specifically, in order for all transceivers according to an
exemplary embodiment of the present invention to perform
the same command at the same time point, a broadcast writing
method in which all transceivers simultaneously write the
same value at the same position to a control signal is per-
formed.

For this purpose, while generating and outputting broad-
cast writing, the controller 130 activates and outputs chip
selection signals cs#1, cs#2, . . ., and cs#n so as to perform
time information writing of all transceivers.

A clock synchronization unit 140 operates according to
broadcast writing and a chip selection signal that are output
from the controller 130, and is positioned between each trans-
ceiver and the controller 130, as shown in FIG. 4. That is, the
clock synchronization unit 140 is positioned to correspond to
each transceiver.

When one of two signals is activated by operating broad-
cast writing and a chip selection signal, the clock synchroni-
zation unit 140 includes a first operator 141 that outputs a final
write signal, which is a synchronization signal, to a corre-
sponding transceiver. When a final write signal is activated
(e.g., “17”) and input, a corresponding transceiver performs a
write operation that records time information. In this case,
when all chip selection signals that are output from the con-
troller 130 to each transceiver are activated, broadcast writing
that simultaneously records time information that is provided
from a clock generator that all transceivers have is performed.

Because a collision may occur between data that are input
from each transceiver to the controller 130, the clock syn-
chronization unit 140 according to an exemplary embodiment
of'the present invention includes a buffer 142 that stores data
that is output from the transceiver 110, and further includes a
second operator 143 and an inverter 150 that control output of
the buffer 142.

The inverter 150 inverts and outputs broadcast writing
from the controller 130, and the second operator 143 operates
an output signal of the inverter 150 and a chip selection signal
that is output from the controller 130 and outputs a corre-
sponding buffer output signal to the bufter 142.
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When broadcast writing is not activated and a chip selec-
tion signal is activated (e.g., broadcast writing “0” and a chip
selection signal “1”), the second operator 143 of the clock
synchronization unit 140 outputs an activated buffer output
signal to the buffer 142 and enables data that is stored at the
buffer 142 to be output to the controller 130. Accordingly,
when a chip selection signal corresponding to each trans-
ceiver is activated, data that is output from a corresponding
transceiver is input to the controller 130 through the buffer,
and thus a collision between data that is output from the
transceivers and that is input to the controller 130 is pre-
vented. FIG. 4 illustrates a case of using a serial peripheral
interface (SPI), but even when using a universal parallel bus,
a clock synchronization unit of the above structure may be
equally applied.

The controller 130 may prevent a collision of packets that
are output from each transceiver and that are input to the
controller 130 using a MOSI signal. When using a transmit-
ting/receiving combined use bus, the controller 130 controls
a bus using a MOSI control signal to prevent a collision of
packets that are input to the controller 130.

FIG. 5 is a flowchart illustrating a method of processing a
packet according to the second exemplary embodiment of the
present invention.

As shown in FIG. 5, reference time information that is
commonly applied to all multi-channels is acquired, and by
applying such reference time information to each channel, a
packet receiving time is measured. In order to acquire refer-
ence time information, all transceivers perform a time infor-
mation broadcast writing operation.

When a packet is transmitted/received through a plurality
of multi-channels, if the packet is received through a random
channel (S300), a transceiver of a corresponding channel
notifies the controller 130 that the packet has been received
(S310).

Accordingly, in order to correspond time information of all
transceivers at the same moment, the controller 130 activates
and outputs broadcast writing or a chip selection signal for
operating each transceiver, and instructs to perform broadcast
writing in which all transceivers simultaneously write the
same value at the same position (S320). Therefore, a final
write signal, which is a synchronization signal that is output
from the clock synchronization unit 140 corresponding to
each transceiver, is activated, all transceivers perform an
operation that simultaneously writes time information in at
least one control memory area. That is, as all transceivers
record time information at the same position at the same
moment, the transceivers are synchronized. The transceivers
may measure a packet receiving time based on synchronized
time information that is recorded by such broadcast writing.
Therefore, error occurrence due to a difference of a synchro-
nization time point between the transceivers is removed.

Thereafter, the controller 130 receives a received packet by
sequentially operating each transceiver, and particularly, the
controller 130 receives time information at which the mea-
sured packet is received based on time information that is
performed by broadcast writing of the transceivers (S330).
When the packet is received, the broadcast writing operation
is performed, but the present invention is not limited thereto.

Further, in the foregoing exemplary embodiment, a method
of processing a packet based on a transceiver has been
described, but even in a case in which a transmitter and a
receiver are individually embodied, the above method of pro-
cessing a packet may be equally applied. That is, by synchro-
nizing clocks of a transmitter and a receiver, as describe
above, packet transmission and reception by a multi-channel
wireless network can be performed.
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According to an exemplary embodiment of the present
invention, in a wireless sensor network and a wireless packet
network such as a wireless local area network (WLAN) sys-
tem, when transmitting/receiving a packet through at least
two multi-channels using a time division multiple media
access control method, a packet that is synchronized with
each channel can be transmitted/received.

Further, effective channel analysis is performed based on a
relative time difference between channels and thus an opera-
tion state of each channel can be determined. Further, a packet
can be effectively transmitted/received using a relative time
difference.

An exemplary embodiment of the present invention may
not only be embodied through the above-described apparatus
and/or method, but may also be embodied through a program
that executes a function corresponding to a configuration of
the exemplary embodiment of the present invention or
through a recording medium on which the program is
recorded, and can be easily embodied by a person of ordinary
skill in the art from the description of the foregoing exemplary
embodiment.

While this invention has been described in connection with
what is presently considered to be practical exemplary
embodiments, it is to be understood that the invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A packet processing apparatus in a multi-channel wire-
less network, comprising:

transceivers, each configured to receive or transmit a
packet on a channel of the multi-channel wireless net-
work;

a reference clock management unit connected to each of
the transceivers, configured to provide reference time
information commonly applied to all channels of the
multi-channel wireless network, configured to deter-
mine a packet receiving time when the packet is received
by a transceiver, based on the reference time information
according to an interruption signal provided from the
transceiver, and configured to notify a controller that the
transceiver received the packet,

wherein the controller is configured to acquire the packet
receiving time based on the reference time information
received from the reference clock management unit.

2. The packet processing apparatus of claim 1, wherein the
controller is configured to acquire the packet receiving time
and channel information of the transceiver that receives the
packet from the reference clock management unit according
to notification of the reference clock management unit, and is
configured to receive the packet from a transceiver based on
the channel information.

3. The packet processing apparatus of claim 1, wherein the
transceiver is configured to generate the interruption signal at
a point in time at which a preamble of the received packet is
terminated, and is configured to provide the interruption sig-
nal to the reference clock management unit.

4. A packet processing apparatus in a multi-channel wire-
less network, the packet processing apparatus comprising:

transceivers, each configured to receive or transmit a
packet on a channel of the multi-channel wireless net-
work;

clock synchronization units, configured to simultaneously
generate and output a synchronization signal to the
transceivers when a broadcast writing is activated or a
chip selection signal is activated, and configured to
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enable the transceivers to acquire reference time infor-
mation, wherein the clock synchronization unit com-
prises a first operator configured to activate the synchro-
nization signal; and

a controller, configured to acquire a packet receiving time

of a received packet, based on the reference time infor-
mation acquired based on the synchronization signal.

5. The packet processing apparatus of claim 4, wherein the
clock synchronization units output the synchronization signal
to a transceiver by operating according to a broadcast writing
provided to the controller.

6. The packet processing apparatus of claim 4, wherein the
transceivers comprise a clock generator, and

the transceivers record time information based on a clock

signal simultaneously output from a clock generator
according to a synchronization signal, and the time
information is used as reference time information.

7. The packet processing apparatus of claim 6, wherein the
transceivers determine the packet receiving time at which the
packet is received, based on the recorded time information,
and provide the packet receiving time to the controller.

8. A method of processing a packet in a multi-channel
wireless network, the method comprising:

acquiring, in a controller, reference time information from

a reference clock management unit, wherein the refer-
ence time information is commonly applied to all chan-
nels of the multi-channel wireless network;

acquiring, in the controller, packet receiving time informa-

tion of each packet received on a channel, based on the
reference time information, wherein the acquiring of
packet receiving time information comprises:
generating an interruption signal, when the packet is
received through a physical layer in a channel, and
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determining the packet receiving time on a channel,
based on reference time information commonly
applied on all channels of the multi-channel wireless
network that is provided from the reference clock
management unit according to the interruption signal;
and

acquiring and analyzing, in the controller, a relative time

difference between received packets, based on the
packet receiving times of the received packets.

9. The method of claim 8, wherein the acquiring of refer-
ence time information comprises acquiring reference time
information from a reference clock management unit con-
nected to all channels of the multi-channel wireless network,
and

wherein the acquiring of packet receiving time information

comprises determining the packet receiving time of a
channel based on reference time information provided
from the reference clock management unit.

10. The method of claim 8, wherein the interruption signal
occurs at a point in time at which a preamble of the received
packet is terminated.

11. The method of claim 8, wherein the acquiring of refer-
ence time information comprises enabling each transceiver to
record time information at the same position, by simulta-
neously operating transceivers corresponding to each chan-
nel, and by using the recorded time information as commonly
recorded reference time information.

12. The method of claim 11, wherein the acquiring of
packet receiving time information comprises determining, by
each transceiver, a time at which the packet is received, based
on the recorded time information.

#* #* #* #* #*



